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OUTLINE

« Motivation for pA/dAu collisions

« pA/dAu collisions from 30 AGeV to 5 ATeV
« How latest results fit into the picture.

 What phenomenology have we leart by the 'Cronin
effect' so far?

 Nuclear shadowing

e Suppression at low-x
. High-p_nuclear effects @ midrapidity & large y

e Cronin effect

« Enhancement in pA
e Saturated Glauber picture and the Cronin effect
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MOTIVATION

 Cronin effect at SPS energies

Brown et al: PRD11 (1975) 3105, Ric.Sci.Edu.Perm Suppl. 122 (2003) 541
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MOTIVATION

« Motivation for pPb/dAu collisions

Preliminary dAu data from PHENIX@QM12 (B. Sahimueller)
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MOTIVATION

« Motivation for pPb/dAu collisions
R, (y=0,p)>R_ (y=0, p.), seems OK, but strong...
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MOTIVATION

 Motivation for pPb/dAu collisions
Preliminary dAu data from PHENIX@QM12 (B. Sahimueller)
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MOTIVATION

 Motivation for pPb/dAu collisions
The RHIC MB is similar to the ALICE LHC MB data
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What have we learnt about Cronin so far?

* Overall properties of MB case:

CM energy dependence: Higher the sqgrt(s) lower the peak
No relevant change in the place of the peak
Shape is similar, but hard to say anything on width

C.M. Energy Peak's place Max effect. Type
[GeV] p. [GeVic] [%0]
27.4 4 50% pWI/pBe
38.8 4 40% pW/pBe
200 4 10-15% dAu/pp
5020 4 10% pPblpp

« Centrality & Rapidity dependence

Anomalous increase in pheripheral collisions
Suppression of the peak in forward (y>0): less or no peak

No measurement in the backward (y<0): 77?77
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What have we learnt about Cronin so far?

* Overall properties of MB case:

CM energy dependence: Higher the sqgrt(s) lower the peak
No relevant change in the place of the peak
Shape is similar, but hard to say anything on width

C.M. Energy Peak's place Max effect. Type Peak in x
[GeV] p. [GeVic] [%0] o0
27.4 4 50% pW/pBe 0.3 E
38.8 4 40% pW/pBe 0.2 _8
200 4 10-15% dAu/pp 0.04 _f:ﬁ
5020 4 10% pPb/pp 0.002 wvy

« Centrality & Rapidity dependence

Anomalous increase in pheripheral collisions
Suppression of the peak in forward (y>0): less or no peak

No measurement in the backward (y<0): 77?77
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What have we learnt about Cronin so far?

* Overall properties of MB case:

CM energy dependence: Higher the sqgrt(s) lower the peak
No relevant change in the place of the peak
Shape is similar, but hard to say anything on width

‘M. Energy %ak s pla Max effect. Type Peak in x
[GeV] {% % [GeVic] [%]
@ \QQ 50% pW/pBe 0.3
40% pWI/pBe 0.2
0@ 10-15% dAulpp 0.04
5020 % 10% pPblpp 0.002

« Centrality & Rapidity dependence

Anomalous increase in pheripheral collisions
Suppression of the peak in forward (y>0): less or no peak

No measurement in the backward (y<0): 7?7?77
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Models & Parametersh

HIJING B/B 2.0 kTpQCD v2.0
PRC83 024902, PRC84 022002 (2010) PRC65 (2002)034903
Modified version of HIJING 2.0 NLO pQCD based parton

Minijet cutoff: p =3.1 GeV/c model with Intrinsic-k,, g
R — broadening, and various
po(s. A) = 0,416 /s A" GeV/e

shadowing parametrization.

String tension: K =2.9 GeV/fm E, ‘1*1{7;-”“ e e S e e
L I!";':
k(s. A) = Ky (5/50)°% AVIET GeV /fm. dgob—ed D, (z,, {';jg ) 1
k, ) : 5 1)
dt Mz e

PDF: GRV+ HIJING shadowing
. PDF:GRV/MRST+Shad, FF:KKP
FF: PYTHIA 4+ minijet
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on the Shadowing

aka suppression

G.G. Barnaféldi: Cronin & Shadowing in pA
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Multiple Scattering in kTpQCD v2.0

 What experiment gives... :

No relevant change in the place of the peak

Shape is similar, but hard to say anything on width
Anomalous increase in pheripheral collisions

Suppression of the peak in forward (y>0): less or no peak

No measurement in the backward (y<O0): 7777

e you just take into account in a theory...

Peak does not move or very slowly: assume no or log(s)
dependence, and not follows x.

MB agrees with models: integrated values are constraints

Geometry matters: shadowing, nuclear size/density, rapidity,

asymmetry, correlations, etc
G.G. Barnaféldi: Cronin & Shadowing in pA 13



The Spectra and Rppb(pT) for |[n|<0.35 & 0.3

Predictions by kKTpQCD 2.0 @ 5.02 ATeV & 0.2 AGeV

Shadowing:

fosa(2, Q%) = Sayal(z, Q1) fuw (2. Q)
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The Spectra and Rppb(pT) for |[n|<0.35 & 0.3

Predictions by KTpQCD 2.0 @ 5.02 ATeV

Shadowing:
fosa(2, Q%) = Sayal(z, Q1) fuw (2. Q)

b-dependent part
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The Spectra and Rppb(pT) for |n|<0.8

Charged hadron production with HIJING 2.0 @ 4.4 ATeV RPA~ 0.7
|
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Forward R (p.) at [n|< 0.8 & n=6.0

pPb

Charged hadron production with HIJING 2.0 @ 4.4 ATeV R ~ 0.35

/
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HIJINGB/B 2.0: Rapidity distribution for pp & pPb

Charged hadron production with HIJING 2.0 @ 5.02 ATeV (0-20%)
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G.G. Barnaféldi: Cronin & Shadowing in pA 18



Shadowing effectson R, (p_) for |n|< 0.35

Extreme high-p_ Pion production with kTpQCD @ 200 AGeV
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Shadowing effectson R, (p_) for |n|< 0.35

Slopes & values are OK with new dAu 0-20% data @ 200 AGeV
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on the Multiple Scattering

aka the enhacement

G.G. Barnaféldi: Cronin & Shadowing in pA
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Multiple Scattering in kTpQCD v2.0

Intrinsic k_from theory & pp experiments
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Multiple Scattering in kTpQCD v2.0

Intrinsic k_from theory & pp experiments
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Multiple Scattering in kTpQCD v2.0

Intrinsic k_from theory & pp experiments

C

k_-broadening:
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BA Cole, GGB, G. Fai, P. Lévai, G. Papp, arXiv:08073384 (2007)
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Multiple Scattering in kTpQCD v2.0

Glauber model

l:':'.'l axr Dynas

/fﬁlmlh = fdh/d p(b,z) = A

with nuclear density:

Po
1+ (rr%
There must be 1 hard and, further semi-hard collisions
(number of NN collisions):

p(r) =

va(b) = aity - ta(b)

NN-like collisions followed by enhancement of intrinsic k_

. . _ 1 T2 )
PA: Gaussian broadening Sorp (ra,b) = e (Hens

! p_»i

BA Cole, GGB, G. Fai, P. Lévai, G. Papp, arXiv:08073384 (2007)
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Multiple Scattering in kTpQCD v2.0

Phenomenological determination of the broadening
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BA Cole, GGB, G. Fai, P. Lévai, G. Papp, arXiv:08073384 (2007)
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Multiple Scattering in kTpQCD v2.0

Intrinsic k_from theory & pA experiment

hiv-1)

0 ha wvu(b) <1
m — & vabl—=1 ha 1< vas(b) <4
Staurated Glauber model:’ =S il )

BA Cole, GGB, G. Fai, P. Lévai, G. Papp, arXiv:08073384 (2007)
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Multiple Scattering in kTpQCD v2.0

Intrinsic k_from theory & pp/dAu experiments
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BA Cole, GGB, G. Fai, P. Lévai, G. Papp, arXiv:08073384 (2007)
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Multiple Scattering in kTpQCD v2.0

A proposed effect of saturated Cronin effect on NMF

4

Rall(A) ——
Rsat{f) -sesssses

.t Glauber ~A** _—

....

Saturated Glauber
s} Model ~A’*
1 d*o ;1 / {ﬁpj’ 0 50 100 150 500 750 300

f AT N ) 13 R [ 3 ) .
Noin)a d oy, / dpr Atomic mass, A

NMF as we know:

Maximum of R]DA (P,)

As it was in the beginning, for MB (see e.g. W. Busza's talk)

1B h 33
do,4/ d"pr

3 K a3,
d o,/ d"pr

G. Fai, P. Lévai, G. Papp, PRC61 (2000) 021902,
GGB PhD Thesis, 2006
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Multiple Scattering in kTpQCD v2.0

A proposed effect of saturated Cronin effect on NMF

4

Rall(A) ——

Rsat{f) -sesssses

’ B 0.33 —
| Glauber ~A*® ,_—

N I

....

Saturated Glauber
osf  Model ~A"?
1 d’ oly/ d*pr 0 50 100 150 200 250 300

AT\ . 13 R /3. .
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NMF as we know:

Maximum of R]DA (P,)

As it was in the beginning, for MB (see e.g. W. Busza's talk)

1B h 33
do,4/ d"pr

3 K a3,
d o,/ d"pr

G. Fai, P. Lévai, G. Papp, PRC61 (2000) 021902,
GGB PhD Thesis, 2006

~ AP e R, A 20% effect for large A
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Suggestion for take away...

It Is high time to understand the Cronin effect!
 High precision experimental data are available!

 Handle with care

Make consistent physical picture (10 AGeV to 10 ATeV)
We have tools to test it (energy, geometry, etc.)
Universal description requires solid baseline :-)

* Suggest a pA study experiment....

 Can we test the Saturated Glauber picture?

« Test of geometry and scalings.
« Large rapidities (forward & backward)

 Correlations
G.G. Barnaféldi: Cronin & Shadowing in pA
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Rapidity asymmetry for pBe at FNAL

Pion production with kTpQCD for pPb@ 5.02 ATeV |n| [0.3:0.8]

1 h (py) = .ILII d .Jllii!i' E; I:N.J.jiﬂ
Asym b [1- pT -III.::I:I n [1!ijl
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E1.3
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; No shadowing
0.9 Hijing b—indep Shadowing + Multiscattering |
0.8 D 4
0.7 Roes{pr. n<0) Backward yield
YaamlP1) = = -
Res{pr, 7 >0) Forward yield
0.6
1
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GGB, J. Barret, M. Gyulassy, P. Lévai, V. Topor Pop (in preparation 2012)
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Rapidity asymmetry for dPb at LHC

Pion production with kTpQCD @ 8.8 ATeV
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A. Adeluy, GGB, G. Fai, P. Lévai, PRC80 (2009) 014903
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Rapidity asymmetry for dAu at RHIC

Pion production with kTpQCD @ 200 AGeV

|2 e 13—
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A. Adeluy, GGB, G. Fai, P. Lévai, PRC80 (2009) 014903
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Rapidity asymmetry for pBe at FNAL

Pion production with kTpQCD @ 30.7 GeV
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Midrapidity R  (x_) for |n|< 0.35

Pion production with HIJING shadowing kTpQCD @ 0.2 & 8.8 ATeV

HIJING Shadowing 1,
X ﬁ
: F
X-scaling v
. 08|
DGLAP evolution |
0.6
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107° 1074 107" 1

Xi

GGB, G. Fai, P. Lévai, BA Cole, G. Papp, Indian J.Phys. 84 (2010) 1721-1725
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"21.69 GeV?)

i 04
50 0.2 [

Midrapidity R  (x_) for |n|< 0.35

Pion production with EKS shadowing kTpQCD @ 0.2 & 8.8 ATeV
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DGLAP evolution
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GGB, G. Fai, P. Lévai, BA Cole, G. Papp, Indian J.Phys. 84 (2010) 1721-1725
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"21.69 GeV?)

£w 02 -

Midrapidity R  (x_) for |n|< 0.35

Pion production with EPS shadowing kTpQCD @ 0.2 & 8.8 ATeV

EPS Shadowing

— 1.2 —
H—. l
\"_é 4 -"'4.--
] -I R * *‘a'-‘
X-scaling b .
_ 0.8
DGLAP evolution
0.6
I Trrne T T AT T T TR ULLERLL .
1.4 ™ This work, EPS08 0.4 EPS shadowing
:.3 S Eﬁ?ns? * ¥ n°, 0-20%, PHENIX dAu, =200 AGeV
08 _:_"_‘::‘_';:'_';::;:_';::-P“"""'i S o2 7 dPb, 5=200 AGeY
0.6 - —— dPb, s"*=8800 AGeV
i 04+
: R -2 -1
DG L1l 1 ||||||| 1 ||--||-||-- ]IE]‘I:]IJIE:"‘“ 1D 1D -10 1
ot 1w’ 10° 10! I X1

GGB, G. Fai, P. Lévai, BA Cole, G. Papp, Indian J.Phys. 84 (2010) 1721-1725
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1.69 GeV)

Midrapidity R  (x_) for |n|< 0.35

Pion production with HKN shadowing kTpQCD @ 0.2 & 8.8 ATeV
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The Nuclear Modification Factor, RIoA

« Measuring nuclear effects 'precisely'
ratio of the

d* N2 dprdn

Rdﬁ.u

hadron spectra
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Midrapidity R ,(p.) fot LHC - Summary

Extreme high-p_ Pion production kTpQCD @ 0.2, 0.9, & 8.8 ATeV
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MOTIVATION

Motivation for pPb/dAu collisions
Preliminary dAu data from PHENIX@QM12 (B. Sahimueller)
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HIJINGB/B 2.0: Rapidity distribution for pp & pPb

Charged hadron production with HIJING 2.0 @ 5.02 ATeV MinBias
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The Collection of pA/dAu Data
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